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1. A method of forming a split-gate 7 flash memory having a 
non-smiling trench isolation comprising the steps of: 

providing a semiconductor substrate; 

forming a gate oxide layer over said substrate; 




forming a first polysilicon layer over said gate oxide 
layer; 

forming a pad oxide la^eJL^cTver said first polysilicon layer; 

forming a first nitride layer. over said pad oxide layer; 

forming and patterning a first photoresist layer over said 
first nitride layer to define active regions in said 
substrate; 



forming a trench in said substrate by etching through 
patterns in sa'id first photoresist layer; 



removing sai/d first photoresist layer; 
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24 forming a first conformal lining on t/e inside walls of said 
trench; 

27 forming a second conformal linin/g over said first conformal 
lining on the inside walls, of syaid trench; 

30 depositing isolation oxide/ inside said trench to from 
shallow trench isolation (S/TI) ; 



r A 33 performing chemical -me dhanical polishing of said substrate; 
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*J3 removing said first nitride layer; 
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removing said pad oxide layer; 



H 39 forming second nitride layer over said substrate; 

n 



forming and pat/terning a second photoresist layer over said 
J layer 



42 second nitride* layer to define floating gate; 



etching thro/igh patterns in said second photoresist layer to 
45 form openings in said second nitride layer exposing portions 
of said first polysilicon layer; 
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48 removing said second photoresis/t layer; 

performing thermal oxidation of exposed said portions of 
51 said first polysilicon layer through said openings in said 
second nitride layer to foym polyoxide hard mask; 

54 removing said second nitride layer; 
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etching said first polysilicon layer using said polyoxide as 
a hard mask; 




forming intergate ox\ide layer; 

forming a second pq^ysilicon layer over said intergate oxide 
layer; 

forming and patterning a third photoresist layer over said 
second intergate/ oxide layer to define control gate; and 



etching through said patterning in third potoresist layer to 
complete the forming of said split-gate flash memory. 



2. The method of claim 1, wherein said semiconductor 
substrate is/ silicon. 
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3. The method of claim 1, wherein saia forming a gate oxide 
layer, is accomplished by thermal gj/owth at a temperature 
between about 800 to 1100 °C. 



4. The method of claim 1, wherein said first gate oxide 
layer has a thickness between about 70 to 110 angstroms (A) . 



5. The method of claim 1, wherein said forming a first 
polysilicon layer is accomplished with silicon source SiH 4 
I* 3 using LPCVD at a temperature between about 500 to 650 °C. 

Q 
fU 

sB 6. The method of claim jl, wherein said first polysilicon 

?n / 

fy layer has a thickness between about 8 00 to 1500 angstroms 




(A). 



7. The method of claim 1, wherein said pad oxide layer has 
M a thickness between about 100 to 250 A. 



8. The method of /claim 1, wherein said depositing a first 
nitride layer over said pad oxide layer is accomplished by 

/ 

CVD at a temperature between about 720 to 82 0°C by reacting 
dichlorosilane (/siCl 2 H2)with ammonia (NH 3 ) . 



25 



TSMC98-201 



9. The method of claim 1, wherein yhe thickness of said 
first nitride layer is between about fl.200 to 2000 A. 

10. The method of claim 1, wherein said first photoresist 
layer has a thickness between ajSout 0.5 to 1.0 micrometers 
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11. The method of claim 1, wherein said forming a trench in 
said substrate by etching /through patterns in said first 
photoresist layer into underlying said first nitride layer, 
pad oxide layer, first /pblys/Llicon layer and gate oxide 
layer is accomplished wi/c/Ne*tch recipe comprising gases Ar, 
CHF 3/ C 4 F 8 . 
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12. The method of claim 1, wherein said removing said first 
photoresist layer is/ accomplished by oxygen plasma ashing. 

13. The method of claim 1, wherein said first conformal 
lining comprises /oxide having a thickness between about 200 
to 550 A. 



14. The method of claim 1, wherein said second conformal 



lining compr 
100 to 300 A 



.tride having a thickness between about 
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15. The method of claim 1, wherein said illation oxide has 
a thickness between about 4000 to 6000 Ay 

16. The method of claim 1, where/n said removing said 
first nitride layer and pad oxide l/yer is accomplished with 
a recipe comprising gas SF 6 . 



17. The method of claim 1, wherein said depositing a second 
nitride layer is accomplished by CVD at a temperature 



between about 750 to 850JC by reacting dichlorosilane 
(SiCl 2 H 2 ) with ammonia (Nh/ J S 

V 

18. The method of claim 1, wherein said second nitride 
layer has a thickness between' about 100 to 300 A. 

7 

19. The method of claim 1, wherein said second photoresist 

7— 

20. The method of claim 1, wherein said etching through 



patterns in said/ second photoresist layer to form openings 



ii 

in said second nitride layer exposing portions of said first 
/ 

polysilicon layer is accomplished with a recipe comprising 
gases SF 6 , 0 2 J Cl 2 and HBr. 
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.•21. The method of claim 1, wherein saad removing said 
second photoresist layer is accomplish/d by using oxygen 
plasma ashing. 

22. The method of claim 1, wherein /said performing thermal 
oxidation of said first polysllico/ layer to form poly-oxide 
with a thickness between about 1000 to 1800 A is 
accomplished by wet oxidation a/ a temperature between about 
850 to 1000°C. 
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23. The method of clai 
polysilicon layer usinfo .sfeid 
accomplished with a re 



wherein said etching said first 
olyoxide as a hard mask is 
comprising gases HBr, Cl 2 and 0 2 . 
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24. The method of claim 1, wherein said intergate oxide 
layer comprises oxynj/tride having a thickness between about 
100 to 250 A. 

25. The method ojf. claim 1, wherein said forming a second 
polysilicon layer is accomplished with silicon source SiH 4 
using LPCVD at/ a temperature between about 500 to 650 °C. 



26. The method of claim 1,' wherein said second polysilicon 
layer has a/ thickness between about 1000 to 3000 A. 



28 



TSMC98-201 



i 



i 



■27. The method of claim 1, wherein /said third photoresist 
layer has a thickness between about/5000 to 10000 A. 

28. The method of claim 1, wherein said etching through 
said patterning in third poto/esist layer to complete the 
forming of said split-gate flarsh memory is accomplished with 
a recipe comprising HBr, Cl 2 /md0 2 . 



29. A method of forming af split-gate flash memory having a 
non-smiling trench isolat/on comprising the steps of: 



providing a semicon 



forming a trench; 





substrate; 



forming a first conformal lining on the inside walls of said 
trench; 



forming a second conformal lining over said first conformal 
lining on the /inside walls of said trench; 



forming conformal spacers; 



depositing isolation oxide inside said trench to from 
shallow /trench isolation (STI); 
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forming a floating qati; 

21 forming an intergate pxide; and 

forming a control gate to complete the forming of the split- 
24 gate flash memory cefrl. 
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30. The method of I claim 29, wherein said first conformal 
lining comprises oxide having a thickness between about 200 
to 550 A. 

31. The method declaim 29, wherein said second conformal 
lining comprises// nitride having a thickness between about 
100 to 300 A. 

32. The method! of claim 29, wherein said forming said 
conformal spacers is accomplished by anisotropic etching of 
second conformal lining 



33. The method of claim 29, wherein said conformal spacers 
have a thickness between about 100 to 300 A. 

34. A split-gate^Tlash memory having a non-smiling trench 
isolation comprising: 
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a floating gate; 
a trench; 

two con formal/layers lining the inside walls of said trench; 
and 

a control gate. 



35. The method of cla>m 34, wherein said first conformal 
lining comprises o^£ae having a thickness between about 200 
to 550 A. 




36. The ymethod <£t claim 34, wherein said second conformal 
lining comprises/ nitride having a thickness between about 
IOC/to 300 A. 
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